Simplistically, acute osteomyelitis is a newly recognized bone infection, and chronic osteomyelitis is the relapse of a previously treated or untreated infection (4) . One hallmark of chronic osteomyelitis is necrotic bone, resulting from impaired blood flow related to raised intraosseous pressure (4) . There are several staging systems for osteomyelitis to help guide therapeutic decisions and allow for comparisons across studies. The oldest of these is Waldvogel's staging system, which classifies osteomyelitis as hematogenous or contiguous, with contiguous further subdivided into the presence or absence of vascular insufficiency (5) . This is probably the classification system most familiar to infectious diseases physicians, and it provides a framework for treatment recommendations in Mandell's Principles and Practice of Infectious Diseases (6) and The Sanford Guide to Antimicrobial Therapy 2006 (7) . Another commonly applied staging system for long-bone osteomyelitis is the Cierny-Mader staging system, which is based on anatomy, physiological status of the host (normal or compromised), and systemic or local factors that affect immune surveillance, metabolism and bone vascularity (5, 8) . While the CiernyMader staging system is more detailed than the Waldvogel staging system, there are similarities in the anatomical stratification, with anatomical stage 1 (medullary) correlating with hematogenous, and anatomical stages two to four (superficial, localized and diffuse) related to contiguous, although the Cierny-Mader system better describes the extent of disease and surgical management. Integrating the anatomical and host factors in the Cierny-Mader system creates 12 potential clinical stages (9) . Most cases of osteomyelitis in adults are contiguous, and the usual antecedent factors are trauma, surgery or pressure ulcers. Hematogenous osteomyelitis, when it occurs in adults, involves primarily the axial skeleton (10) . Most of the other staging systems relate to anatomical and pathological features of the osteomyelitis, such as presence of sinuses, fracture (united or nonunion), duration of drainage and degree of bone loss (8) . Clearly, these staging systems would be more familiar to orthopedic surgeons.
Diagnostic imaging has long played a major role in the investigation of suspected osteomyelitis. When interpreting the literature on performance characteristics of different radiographic tests, it is important to remember that osteomyelitis is a heterogeneous condition, and to be clear on what clinical entity the particular modality is assessing (eg, acute or chronic osteomyelitis, presence or absence of neuropathic changes). In a similar vein, it is critical that any individual patient's imaging results be interpreted in light of the clinical situation, considering what patient-specific features may interfere with the test's reported sensitivity and specificity.
A systematic review and meta-analysis of several diagnostic imaging modalities for the assessment of chronic osteomyelitis was published in 2005 (11) . The authors selected articles from the literature in which the imaging technique was compared with histology, culture results and clinical follow-up for more than six months. In their review, Termaat et al (11) reported a sensitivity of 60% (95% CI 28 to 86) and specificity of 67% (95% CI 36 to 89) for plain radiography (11) . To improve on sensitivity, several other imaging modalities have been evaluated for their diagnostic utility. The first of these has been bone scintigraphy with 99m Tc-diphosphonate. While it is clearly better than plain films in terms of sensitivity (82%), bone scintigraphy is seriously disadvantaged by its very poor specificity (25%). Taking advantage of the inflammatory response in osteomyelitis, white blood cell scans have been examined in the diagnosis of chronic osteomyelitis. In the meta-analysis (11), leukocyte scanning had improved specificity (77%, 95% CI 63 to 87) but poor sensitivity (61%, 95% CI 43 to 76), lending support to the practice of combining bone and leukocyte scintigraphy to optimize diagnostic capability (11) . The low sensitivity of the leukocyte scan was largely driven by its poor performance in axial skeleton osteomyelitis, where the sensitivity was 21%, compared with peripheral skeleton, where the sensitivity was 84% (11) . Combined bone and gallium scanning showed no advantage over bone and white blood cell scanning (11) .
Over the past decade, cross-sectional imaging modalities such as computed tomography (CT) and magnetic resonance imaging (MRI) have become popular diagnostic methods, in part because of their high anatomical resolution. CT identifies areas of necrotic bone, soft-tissue infection and altered marrow density due to osteomyelitis (8) . However, altered marrow density can also be seen with neoplasms, hemorrhage, fractures or irradiation (12) . In the one small study that met Termaat et al's criteria (11), CT had a sensitivity of 67% (95% CI 24 to 94) and specificity of 50% (92% CI 3 to 97) in the diagnosis of chronic osteomyelitis of the spine. Where CT can play an important role is in delineating the extent of necrotic bone and thereby guiding debridement (12) . In the meta-analysis (five eligible studies), MRI had a sensitivity (84%) in the same range as that of a bone scan, with somewhat better specificity (60%, 95% CI 38 to 78). MRI has been suggested as the modality of choice in determining the extent of infection, especially when epidural abscess with or without neural compression is of concern (12). Despite being a relatively new technique, there were four studies on positron emission tomography (PET) in the meta-analysis (11) . PET had a sensitivity of 96% (95% CI 88 to 99), which was higher than all other modalities. The specificity of PET was lower at 91% (95% CI 81 to 95), but this was still an improvement over all other imaging types. Based on this meta-analysis, PET scanning has the highest diagnostic accuracy for confirming or excluding the presence of chronic osteomyelitis (11) . Unfortunately, PET is of limited availability in most health care facilities. Given the less than perfect performance characteristics, the role of diagnostic imaging should be viewed as confirming the presumed clinical diagnosis and providing information regarding the exact site and extent of infection (12) . As with most tests, no technique can absolutely confirm or exclude the diagnosis. All results have to be carefully interpreted in light of the clinical findings. As Haas and McAndrew observed (10), imaging studies provide information that supports or refutes the clinical suspicion with variable certainty! There is agreement that the gold standard for diagnosing osteomyelitis is bone biopsy and culture. This recommendation has some foundation from the literature, dating back to the 1970s. In a study that compared sinus track cultures with bone biopsy obtained at surgery (13) , sinus culture was only 44% sensitive in identifying the etiological organism. A frequently noted positive feature of this study was the good correlation between sinus and bone specimens for Staphylococcus aureus. This has led some to point to the value of sinus culture for diagnosing S aureus osteomyelitis (6). These findings have been supported in part by Perry et al (14) . They found that isolating a single organism (usually S aureus) predicted the bone culture result in 90% of situations. This dropped to 26% when there was polymicrobial growth. Despite this, there seems to be reluctance on the part of many surgeons to obtain a biopsy specimen. This may relate to overinterpretation of the utility of sinus cultures. More recently, concordance between bone and nonbone specimens was examined in a cohort of patients with chronic osteomyelitis, primarily contiguous and frequently following trauma (15) . The overall diagnostic accuracy of nonbone specimens was 30%, increasing to 42% for S aureus, and 35% when taken from sinus tracts (15) . However, this was no better than chance alone (15) . Results from these studies should prompt us to reconsider the rigour with which we pursue an etiological diagnosis of chronic osteomyelitis in most circumstances.
In 1988, Carl Norden (16) reported that optimal therapy for chronic osteomyelitis was unclear, and that neither the critical duration of therapy nor the relative efficacy of various antibiotic classes was known. The situation is no less murky 20 years later, although treatment suggestions can be found in any number of texts and reviews. Treatment guidelines for acute and chronic osteomyelitis in adults recommend prolonged courses of antimicrobials, usually given intravenously. The recommendations for treatment duration for acute osteomyelitis are fairly uniform at four to six weeks. There is more variability in recommendations for chronic osteomyelitis treatment, with differing routes and durations, and sometimes related to the stage of infection, pathogen and intent for cure or long-term suppression of a frequently relapsing infection (1-4,6-8,10,17,18) . Surgical debridement is a mainstay of management for chronic osteomyelitis, but is frequently not required in the acute form. The evidence to support the various regimens and durations comes from a variety of sources, including animal and human pharmacokinetic studies, animal studies of the efficacy of various antimicrobials, case reports and series, as well as randomized and nonrandomized trials in humans.
In 1970, Waldvogel et al (1) recommended that hematogenous osteomyelitis be treated with high-dose antibiotics for at least four weeks. The rationale was that hematogenous osteomyelitis represented a septic metastasis, and that penicillin penetration of bone required high doses of antibiotics. They supported this recommendation by describing the outcomes of patients who had received intensive (four weeks or longer) or limited therapy and, incidentally, noted that surgery was not necessarily required. In terms of chronic osteomyelitis, they noted that the outcome of therapy was similar in patients who received intensive and limited antimicrobial treatment, but a pattern of prolonged therapy for chronic osteomyelitis emerged (2) . And so, whether right or wrong (and animal studies suggest that prolonged therapy is right), the evidence base for recommending a long course of antibiotics in humans is rather anecdotal in its origins. More analytical studies over the years have generally assumed four to six weeks of intravenous therapy as the gold standard against which new agents or new routes of treatment are measured.
Some clinicians consider selecting a specific antimicrobial based on its reported penetration into bone. Data related to bone penetration come from animal studies in which the bone and serum concentrations of antibiotics used to treat experimentally infected rats or rabbits are measured. These studies generally demonstrate excellent bone penetration by rifampin (19, 20) and clindamycin (21) , with good penetration by fluoroquinolones (19) and low bone concentrations achieved by cefazolin (20, 21) . Human pharmacokinetic studies are largely performed in the setting of surgical prophylaxis for joint arthroplasty. From several studies (22) (23) (24) , it appears that beta-lactams penetrate to a lesser extent into uninfected bone than clindamycin. However, Darley and MacGowan (18) suggest caution in interpreting the results of such bone penetration studies in humans. They note that the methodology has not been standardized, assay procedures may affect results considerably, healthy bone may not reflect pharmacokinetics in infected bone, penetration into cortical and medullary bone differs, and that blood contamination may not have been accounted for.
Glycopeptides, beta-lactams, fluoroquinolones, clindamycin and rifampin have all been studied in an animal model of S aureus osteomyelitis. In one experimental model, clindamycin was superior to cefazolin in eradicating S aureus from infected bone (21) . Interestingly, mortality was higher in the clindamycin-treated rabbits in this study (35% versus 9%; P = not significant). In another study (20) , 45% of rabbits on rifampin, 67% on cephalothin and 95% on trimethoprim were still culture-positive after 28 days of antibiotics. Fewer animals given a combination of cephalothin and rifampin were culturepositive than when given single agent therapy, but when S aureus was isolated, it was uniformly resistant to rifampin. On the other hand, another study in the rabbit model (19) demonstrated a benefit for combinations, including rifampin, in terms of decreasing the number of organisms in bone (although none sterilized bone) without the emergence of rifampin resistance. Limitations of animal studies include lack of debridement, AID Notes high initial inocula, lack of experience with recurrent or prolonged infection and lack of extended follow-up (18) . These studies do, however, give a sense of the difficulty involved in curing these infections and the prolonged course of antimicrobials that is required.
What have we learned from clinical trials in humans that evaluate different osteomyelitis treatment modalities? One thing we have learned is that, methodologically, the studies are generally very poor (25, 26) . Lazzarini et al (25) noted that most studies were noncomparative, and that the comparative trials involved relatively few patients. The associated surgical management is often not described and follow-up is rarely more than 12 months (25) . This has also been noted by Stengel et al (26) , who were hampered in their meta-analysis of antibiotic therapy for osteomyelitis by small sample sizes, missing descriptions of patient populations and disease characteristics, and the frequent use of concomitant antibiotics. After reviewing hundreds of studies, both groups concluded that the available literature on the treatment of osteomyelitis was inadequate to determine the best agents, route or duration of antibiotic therapy (25, 26) . In particular, oral fluoroquinolones, with or without rifampin, were no better or worse than standard parenteral treatments (25) (26) (27) (28) . Oral fluoroquinolones, with their excellent bioavailability, do offer a cost advantage to intravenous treatments and are more convenient to patients. However, in their meta-analysis comparing oral fluoroquinolones with nonfluoroquinolone intravenous comparators, Stengel et al (26) found a significant difference in drug-related side effects favouring the parenteral arm (P=0.0002), although there was significant heterogeneity among studies. While the debate goes on regarding the role of fluoroquinolones in the treatment of osteomyelitis, they are not listed as the first-line agent for Gram-positive infections (6) (7) (8) 17) . A similar debate is likely to continue with respect to rifampin. There is no doubt about its impressive results in animal studies. In the one randomized (nonblinded) but underpowered study comparing nafcillin with and without rifampin, there was no difference between the two treatment arms (29) . Rifampin is not recommended in addition to beta-lactams as first-line therapy for staphylococcal osteomyelitis (4, 6, 7, 17, 18) .
Contiguous osteomyelitis with vascular involvement, most often involving diabetics, is a commonly observed form of osteomyelitis that exemplifies the challenges in diagnosis and treatment of chronic bone infections. In one study, the majority of diabetic foot ulcers (68%) had an underlying osteomyelitis that was infrequently (32%) diagnosed clinically (30) . They also found that all patients with ulcers that exposed bone had osteomyelitis (30) . Palpation of bone in the infected foot ulcer of a diabetic patient has 66% sensitivity and 85% specificity, and is a reasonable initial assessment tool (31) . Diagnostic imaging presents a particular challenge in the neuropathic foot (32), even with MRI (33) . Indeed, in one decision and costeffectiveness analysis (32) , it was suggested that noninvasive testing adds significant expense to the treatment of diabetic patients with pedal osteomyelitis and may offer little improvement in outcome. Most literature suggests that ulcer swabs correlate poorly with tissue specimens in this population (34) (35) (36) , although there is debate as to whether treatment based on bone biopsy results will improve the clinical outcome and prognosis compared with broad-spectrum empirical treatment or treatment based on swab culture results (32, 36, 37) . The treatment studies for contiguous osteomyelitis with vascular involvement are of a similar quality to those for osteomyelitis in general (26) . In fact, they are often one and the same, with diabetics not infrequently representing the larger cohort of patients in these trials. Despite these limitations in evidence, the Infectious Diseases Society of America has published a guideline for the diagnosis and treatment of diabetic foot infections (38) . They state that highly bioavailable oral antibiotics can be used in some cases of osteomyelitis, and that at least four to six weeks of therapy is required, and probably longer if infected bone remains (38) .
So, where does that leave us in terms of managing chronic osteomyelitis? For now, it appears that the art of medicine will continue to play a role in diagnosis and treatment, with science providing some foundation. Even with the recognition that osteomyelitis is a heterogeneous infection, it is difficult to believe that better-quality human trials are not available to guide investigation and treatment. While trials assessing different antimicrobials are unlikely to offer new insights, effectiveness studies evaluating culture-directed versus empirical regimens, differing treatment durations and the precise role for surgical intervention for chronic osteomyelitis would hopefully provide for better-reasoned approaches to management.
